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(57) Abstract 

A system (10) for internal fixation of bone includes a fixation plate (12) having a number of bores (18) therethrough, a corresponding 
number of screws (14) each having an enlarged head portion (20) and an elongated shaft portion (22) defining bone engaging threads (25) 
and a non-threaded portion (42) between the head and threaded portions (20, 25), and a corresponding number of screw anti-back out 
members (16) each having a bwe (45) therethrough. The screw anti-back out members (16) are positioned wibm the bores (18) of the 
6xation plate (12) and are initially sized to slidingly receive an elongated shaft (22). The screws (14) are advanced through the plate bores 
(18) and screw anti-back out members (16) so that the fixation plate (12) is secured to the bone widi the bores (45) of the screw anti-back 
out members (16) surrounding a non-threaded portion (42) of the shafts (22). The system (10) is thereafter heated sufficiently to shrink 
the bores (45). thereby trapping the non-threaded portions (42) of the screw shafts (22) between die fixation plate (12) and the threaded 
portions (15). 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Axmenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Geoigia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 




BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belghun 


HU 


Hungaiy 


NO 


Norway 


BF 


Buridna Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benb 


JP 


Japan 


FT 


Portugal 


BR 


BlBZfl 


KE 


Kcnjra 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 




KP 


Demooatic People's Republic 


SD 


Sudan 


CF 


Centra) African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Rqmblic of Korea 


SG 


Singspore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Stovenia 


a 


CAced'Ivoire 


U 


1 -**yhtf ntif in 


SK 


Stovakia 


CM 


Cameroon 


IK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Uberia 


sz 


Swaziland 


CS 


Czechoslovalcia 


LT 


Lithnania 


TD 


Chad 


CZ 


Czecb Republic 


LU 


Luxcmbotng 


TG 


Togo 


DE 


Germany 


LV 


Laivia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


TVrnidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


n 


Finland 


ML 


Mali 


US 


United States of America 


FR 


Ranee 


MN 


Mongolia 


uz 


Uzbekistan 


OA 


Gabon 


MR 


Maoritania 


VN 


Viet Nam 



wo 96/39975 



PCT/US96/07782 



APPARATUS FOR PREVENTING SCREW BACKOUT 
IN A BONE PLATE FIXATION SYSTEM 

Field of the Invention: 

The present invention relates generally to systems for 
securing a fixation plate to bone, and more specifically to 
such systems including a mechanism for preventing screw 
backout . 

BACKGROUND OF THE INVENTION 

Within the last decade, the use of fixation plates for 
the treatment of spinal disorders or for fusion of vertebrae 
has grown considerably. While early procedures using 
fixation plates were generally restricted to long bones and 
lower lumbar levels of the spine, such fixation plates have 
recently found applications in other bone instrumentation 
such as in instrumentation of the cervical spine. Successful 
spinal instrumentation in this region is particularly 
difficult given the problems of safely accessing the 
instrumentation site. 

One typical example of a bone fixation plate is provided 
with a plurality of bores therethrough. A corresponding 
plurality of fastener members, typically bone screws having a 
headed portion and an elongated threaded shaft extending 
therefrom, are provided to secure the plate to a bone, or 
bones, to be fixated. The bone screws are advanced into the 
corresponding plate bores and then into the bone itself. The 
screws are then firmly tightened to thereby secure the plate 
to the bone. 
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A common problem associated with the use of such fixation 
plates, regardless of their location, is the tendency of the 
bone screws to "back out" of the underlying bone under the 
stress of bodily movement. This problem is particularly 
5 prevalent in areas of high stress such as, for example, the 
spine. Given the delicate nature of the spine, any fixation 
plate movement post-operatively may not only frustrate the 
surgical goals, but may also raise genuine patient safety 
concerns . 

10 Designers of such bone fixation systems have employed 

various techniques in an attempt to overcome the foregoing 
problem. For example, U.S. Patent No. 5,364,399 to Lowery et 
al., assigned to the assignee of the present invention, 
discloses an anterior cervical plating system incorporating a 

15 locking screw which engages the heads of bone screws to 
secure the cervical plate to the vertebra. The locking 
screw, positioned above the bone screws, provides a rigid 
fixation of the screws to the plate wherein the heads of the 
bone screws are either flush with, or recessed below, the 

20 upper surface of the plate. 

As another example, U.S. Patent No. 5,275,601 to 
Gogolewski et al. discloses a self -locking bone fixation 
system wherein the heads of the bone screws are f rusto- 
conical in shape and have a directionally corrugated outer 

25 surface. Each bore in the fixation plate has a 

complementarily corrugated inner surface and is similarly 
f rusto-conical in shape. As the screws are advanced through 
the corrugated bores and into the underlying bone, the 
direction of corrugation permits the heads to be received 

30 within the corresponding bores, while inhibiting rotation of 
the screws in an opposite direction. 

As a further example, U.S. Patent No. 5,269,784 to Mast 
discloses a threaded screw nut for use with a bone fixation 
system wherein the screw nut is partially insertable into a 

35 bore of the fixation plate from the underside thereof, and 



wo 96/39975 



PCTAJS96/07782 



threadingly engages a portion of the bone screw to thereby 
secure the bone screw to the fixation plate. 

As a final example, U.S. Patent No. 4,484,570 to Sutter 
et al. discloses a bone fixation system wherein the heads of 
5 the bone screws are hollow and expandable. After the 

fixation plate is secured to the underlying bone via the 
hollow head bone screws, set screws are advanced into the 
hollow heads to expand the heads and thereby secure the heads 
to the fixation plates. 

10 All of the foregoing prior art systems suffer from 

several undesirable drawbacks. First, the addition of 
intricately machined componentry makes most of these systems 
expensive and difficult to manufacture. Second, since some 
of these prior art systems rely on a threaded connection to 

15 maintain the bone screws in a secure position, such locking 
systems are still subject to the problem of screw back out 
and may therefore be unreliable. Finally, most of the 
foregoing systems, by their nature, result in an increased 
profile or bulk which, in many surgical applications, is 

20 undesirable. What is therefore needed is a bone fixation 
system including a mechanism for preventing screw backout 
without increasing the profile or bulk of the fixation 
system. Such a system should ideally be easy and inexpensive 
to manufacture. 
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SUMHARY OF THE INVENTION 

The bone fixation plate system of the present invention 
addresses and overcomes the foregoing drawbacks of prior art 
systems. In accordance with one aspect of the present 
5 invention/ a bone fixation apparatus comprises a bone 

fixation plate having a bottom surface adapted to engage a 
portion of the bone being fixated, an opposite top surface 
and a bore defined therethrough, a bone screw having an 
elongated shaft and an enlarged head portion engaging the 

10 bore at the top surface of the plate when the shaft extends 
therethrough, wherein the shaft defines a first diameter 
non-threaded portion adjacent the head portion and bone 
engaging threads remote from the head portion, and an annular 
locking collar substantially surrounding the non-threaded 

15 portion of the bone screw shaft. The collar has an initial 
inner diameter greater than the second diameter of the 
elongated shaft. The collar is formed of a material such 
that the inner diameter shrinks in response to a change in 
temperature thereof to a final diameter smaller than the 

20 second diameter to thereby trap the collar between the head 
portion and the second diameter bone engaging threads of the 
bone screw. 

In accordance with another aspect of the present 
invention, an apparatus for preventing a fastener from 

25 backing out of a fixation member bore is provided in 

combination with a fixation system including a fixation 
member having a top surface, a bottom surface and a bore 
defined therethrough, and a fastener having an elongated 
shaft and a headed portion engaging the bore at the top 

30 surface of the fixation member when the shaft extends 

therethrough. The apparatus comprises an annular collar 
having an initial inner diameter deformably sizable to 
slidingly receive the elongated shaft therethrough. The 
collar is formed of a material such that the inner collar 
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diameter shrinks to a final diameter in response to a change 
in temperature thereof to thereby prevent the fastener from 
backing out of the fixation member bore. The collar further 
has an outer diameter sized to engage the bottom surface of 
5 the fixation member. 

In accordance with a further aspect of the present 
invention, a method for securing a fixation plate having a 
number of bores therethrough to a bone with a corresponding 
number of bone screws wherein each of the screws have a 

10 headed portion and an elongated shaft extending therefrom 
defining a first diameter non-threaded portion adjacent the 
head portion and a second larger diameter bone engaging 
threaded portion remote from the head portion, comprises the 
steps of: (1) forming a number of annular collars constructed 

15 of a shape memory alloy to have a final inner diameter less 
than the second diameter while the crystal structure of said 
alloy is in the austenite phase, (2) cooling the collars 
sufficiently so that the crystal structure of the alloy 
shifts to the martensite phase, (3) increasing the inner 

20 diameter of each of the annular collars while maintaining the 
collars in the martensite phase to permit passage 
therethrough of an elongated bone screw shaft, (4) mounting 
the fixation plate to the bone by advancing each of the 
number of bone screws through a corresponding fixation plate 

25 bore, through one of the annular collars and into the bone, 
and (5) heating the number of collars sufficiently to cause 
the inner diameters of the collars to shrink to their final 
diameters thereby trapping the number of collar between the 
head portions and the threaded portions of the corresponding 

30 number of bone screws. 

It is one object of the present invention to provide an 
apparatus for preventing screw backout in a bone plate 
fixation system having a shape memory alloy collar for 
trapping a portion of the screw therein to thereby inhibit 

35 passage of the screw through the collar post-operatively . 
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It is another object of the present invention to provide 
a method of securing a fixation plate to a bone using a 
plurality of shape memory alloy collars surrounding a 
corresponding plurality of bone screws advanced through the 
5 fixation plate. 

It is yet another object of the present invention to 
provide a system for preventing a bone screw from backing out 
of a bone fixation plate through the use of a shape memory 
alloy collar, wherein the profile of the system is not 
10 increased by using the collar. 

These and other objects of the present invention will 
become more apparent from the following description of the 
preferred embodiment. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective and partial cross sectional view 
of one embodiment of a fixation plate and screw anti-backout 
system in accordance with the present invention. 
5 FIG. 2 is a perspective view of the screw anti-backout 

member shown in FIG. 1. 

FIG. 3A is a front elevational view of one embodiment of 
the head portion of a fastener for use with a fixation plate 
and screw anti-backout system of the present invention. 
10 PIG. 3B is a front elevational view of another embodiment 

of the head portion of a fastener for use with a fixation 
plate and screw anti-backout system of the present invention. 

FIG. 3C is a front elevational view of a further 
embodiment of the head portion of a fastener for use with a 
15 fixation plate and screw anti-backout system of the present 
invention. 

FIG. 4A is a front elevational view of one embodiment of 
the shaft portion of a fastener for use with a fixation plate 
and screw anti-backout system of the present invention. 
20 FIG. 4B is a front elevational view of an alternate 

embodiment of the shaft portion of a fastener for use with a 
fixation plate and screw anti-backout system of the present 
invention, 

FIG. 4C is a front elevational view of another alternate 
25 embodiment of the shaft portion of a fastener for use with a 
fixation plate and screw anti-backout system of the present 
invention. 

FIG* 5A is a side elevational and partial cross sectional 
view of the fixation plate and screw anti-backout member 
30 assembly of FIG. 1, showing the use of a tapered instrument 
to increase the inner diameter of the screw anti-backout 
member . 



wo 96/39975 



PCT/US96/(r7782 



-8- 

FIG. 5B is a cross-sectional view of an alternate 
embodiment of a fixation plate and screw anti-backout system 
in accordance with the present invention, including the use 
of a tapered instrument to increase the inner diameter of the 
5 screw anti-backout member. 

FIG. 6 is a cross-sectional view of another alternate 
embodiment of a fixation plate and screw anti-backout system 
in accordance with the present invention. 

FIG. 7 is a cross-sectional view of still another 
10 alternate embodiment of a fixation plate and iscrew 

anti-backout system in accordance with the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiment illustrated in the drawings and specific 
5 language will be used to describe the same. It will 

nevertheless be understood that no limitation of the scope of 
the invention is thereby intended, such alterations and 
further modifications in the illustrated device, and such 
further applications of the principles of the invention as 
10 illustrated therein being contemplated as would normally 
occur to one skilled in the art to which the invention 
relates . 

Referring now to FIG. 1, one embodiment of a fixation 
plate and screw anti-backout system 10, in accordance with 

15 the present invention, is shown. Fixation plate 12 has a 
bore 18 therethrough which is sized to slidingly receive a 
fastening element therein to thereby secure the fixation 
plate to its intended surface. Preferably, fixation plate 12 
is a spinal fixation plate, although the present invention 

20 contemplates that fixation plate 12 may include any type of 
fixation plate used to reinforce a bone, join two or more 
bones, or provide an anchoring location at a specified bone 
location. 

System 10 further includes a fastening element 14 having 
25 an enlarged headed portion 20 and an elongated shaft portion 
22 extending therefrom. The elongated shaft 22 of fastening 
element 14 is slidingly received within bore 18 of fixation 
plate 12 such that the enlarged headed portion 20 rests 
against the top portion 24 of bore 18 adjacent the top 
30 surface 15 of fixation plate 12. Enlarged head portion 20 of 
fastening element 14 is sized large enough so that it cannot 
pass through the smaller sized bore 18, and is preferably 
configured so that it seats within the top portion 24 of bore 
18. As shown in FIG. 1, top portion 24 of bore 18 is 
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preferably recessed from top surface 15 of fixation plate 12 
in a semi-circular shape to facilitate the seating of head 
portion 20 of fastening element 14 therein. 

Preferably, fastening element 14 is a bone screw having 
5 bone engaging threads 25 defined along at least a portion of 
elongated shaft 22, Bone screw 14 further has a cylin- 
drically-shaped head 20 with rounded edges 21. Preferably, 
rounded edges 21 and top portion 24 of bore 18 are 
complement arily configured to facilitate seating contact 
10 therebetween. Although fastening element 14 is, in a 

preferred embodiment, a bone screw as shown in FIG. 1, the 
present invention contemplates the use of other bone engaging 
screw embodiments for use in securing fixation plate 12 to 
bone. 

15 For example, referring to FIG. 3A, the headed portion 20 

of fastening element 14 may be configured as a flat head 
screw 90 having a substantially flat top surface 92 and 
frusto- conically shaped sidewalls 94. With such a 
configuration, top portion 24 of bore 18 should be similarly 

20 f rusto-conically shaped so that the headed portion 60 can be 
counter sunk therein with top surface 92 thereafter being 
flush with top surface 15 of fixation plate 12. Referring 
now to FIG. 3B, headed portion 20 of fastening element 14 may 
further be configured as an eye-bolt head 100 having a 

25 substantially circular ring 102. Finally, referring to FIG. 
3C, headed portion 20 of fastening element 14 may further be 
configured as a headed portion 110 of a variable angle 
screw. Headed portion 110 of the variable-angle screw 
includes a pair of sides 112a and 112b which form a U-shaped 

30 passage 114 therebetween. One side of head portion 110 

defines a series bf radially extending teeth or splines 116 
which are formed to interdigitate with splines on a 
corresponding component (not shown) . An example of such a 
variable angle screw is disclosed in U.S. Patent No. 

35 5,261,909 to Sutterlin et al., the contents of which are 
incorporated herein by reference. 
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Referring again to FIG. 1, a portion of elongated shaft 
22 of fastening element 14 preferably includes bone-engaging 
threads 25. An example of one such elongated shaft 120 is 
shown in FIG, 4A. Shaft 120 includes bone-engaging threads 
5 122, and terminates in a pointed (self-tapping) end 124. An 
example of another elongated shaft 130 is shown in FIG. 4B. 
Shaft 130 includes threads 132, and terminates in a flat end 
134. Finally, a further embodiment of elongated shaft 140 is 
shown in FIG. 4C. Shaft 140 may terminate in a flat end 142, 

10 or may have a pointed (self-tapping) end 144 as shown in 

phantom. A portion 146 of elongated shaft 140, between head 
portion (not shown) and end portion 142 or 144, is not 
threaded. Threaded portion 148 is included below 
non-threaded portion 146 and is remote from the head portion 

15 (not shown) . Although the elongated shaft embodiments shown 
in FIGS. 4A-4C are preferably used in a bone fixation system, 
any of the threaded shaft embodiments shown therein may be 
provided with any number of threads per inch (TPI) to meet a 
desired bone engaging need. 

20 Referring again to FIG. 1, regardless of the type of 

fastening element 14 used, elongated shaft 22 preferably 
includes a reduced diameter non-threaded portion 42 between 
head portion 20 and the threaded portion 25 of shaft 22. 
Although shaft portion 22 need not have a reduced diameter 

25 portion 42 to be operable in system 10, the diameter of 

portion 42 is reduced in a preferred embodiment to optimize 
the screw anti-backout feature as will be more fully 
described hereinafter. 

Referring now to FIGS. 1 and 2, system 10 further 

30 includes an annular ring 16 having a bore 45 therethrough 
defining an inner annular surface 40 having a diameter 44. 
Collar 16 further has an outer annular surface 34. Inner and 
outer annular surfaces 40 and 34, respectively, terminate at 
a top end 36 and an opposite bottom end 32. A flange 30 

35 extends radially from outer surface 34 adjacent bottom end 32 
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and has a top surface 38 for engaging a portion of fixation 
plate 12. A channel 35 extends between bottom end 32 and top 
end 36 of collar 16, and extends from flange 30 and outer 
surface 34 into bore 45. Preferably, collar 16 is of unitary 
5 construction and is formed of a material that is responsive 
to a change in temperature to assume either an expanded or a 
retracted shape. 

One example of a material that is responsive to a change 
in temperature to assume a retracted shape is a shape memory 

10 alloy. In order for an alloy to exhibit a shape memory 

effect, it must be a crystalline structure which can change 
its structure into the so-called austenite phase when it is 
subjected to a certain temperature condition, and then change 
its structure into the so-called martensite phase when the 

15 temperature of the alloy is sufficiently lowered. In 

providing a shape memory alloy component, the component is 
first annealed to a specified shape by traditional means. 
The alloy is then heated to a temperature high enough that 
the crystalline structure assumes the austenite phase or 

20 configuration. Next, the alloy is cooled until it reverts to 
the martensite phase or configuration. Once in the 
martensite configuration, the component may be further 
deformed randomly, but will return to its original austenite 
phase shape when heated to a temperature above that at which 

25 the martensite phase returns to the austenite phase. Thus, 
after being deformed in the martensite phase, the alloy • 
"remembers" its original annealed shape and will return to 
that original shape when heated above the austenite phase 
transition temperature. In so doing, the alloy converts heat 

30 energy into mechanical work. The mechanical work done while 
the material is undergoing shape recovery can be much greater 
than originally imparted during the initial plastic 
deformation. 

The shape memory alloy of collar 16 is preferably made of 
35 a nickel-titanium alloy such as nitinol. The specific 
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transitional temperature at which the phase transition occurs 
can be controlled by specifying the exact nickel to titanium 
ratio. In a preferred embodiment of annular collar 16, the 
^ nickel-titanium ratio is chosen to provide an austenite 

5 transition temperature of approximately 42*'C and a martensite 
transition temperature of approximately ICC. However, the 
present invention contemplates other nickel-titanium ratios 
to provide desired austenite and martensite phase transition 
temperatures. It is to be understood that different 

10 applications of fixation plate and screw anti-backout systems 
described herein will require different phase transition 
temperatures, and that the present invention contemplates any 
nickel-titanium ratio required to meet such specific 
applications. The present invention further contemplates the 

15 use of other known shape memory alloys for use in 

constructing annular collar 16. An example of one such alloy 
is an iron-based alloy including various percentages by 
weight of manganese, silicon, and chromium. 

According to a preferred approach in constructing annular 

20 collar 16, collar 16 is first deformed while in the austenite 
phase crystalline configuration such that inner annular 
surface 40 has a diameter 44 less than the diameter of 
reduced diameter portion 42 of fastener element 14. Collar 
16 is then cooled until the martensite transformation 

25 occurs. While maintaining collar 16 below the shape 

transition temperature, collar 16 may be deformed to increase 
the inner diameter thereof. 

Referring now to FIG. 5A, bore 18 of fixation plate 12 is 
sized to slidingly receive the outer surface 34 of collar 16 

30 therein such that the top portion 36 of collar 16 is adjacent 
top portion 24 of bore 18. Preferably, although not 
necessarily, fixation plate 12 includes a recess 28 about 
bore 18 having a depth approximately equal to the thickness 
31 of flange 30. Advantageously, recess 28 permits the 

35 bottom portion 32 of collar 16 to be flush with the bottom 



wo 96/39975 



PCT/US96/07782 



-14- 

portion 13 of fixation plate 12 so that the vertical profile 
of fixation plate locking system 10 is not increased due to 
the use of collar 16. A taper instrument 50 is provided to 
"open up" collar 16 for passage therethrough of the elongated 
shaft 22 of fastening element 14, Taper instrument 50 has a 
first end 52 which has a diameter slightly less than inner 
diameter 44 of collar 16. The diameter of taper instrument 
50 increases at increasing distances from end 52. 

As taper instrument 50 is advanced into the bore 45 of 
collar 16 from the top 36 thereof, channel 35 is widened, 
thereby deforming, or spreading open, collar 16 to an initial 
inner diameter such that the outer surface 34 of collar 16 is 
forced against the walls of bore 18. To facilitate the 
advancement of taper instrument 50 into collar 16 to thereby 
sufficiently spread open the inner surface 40 of collar 16, 
the walls of bore 18 may be tapered complementary to the 
taper of instrument 50. The decreasing diameter of bore 18 
in a direction toward the bottom 13 of plate 12 further acts 
to retain collar 16 within bore 18 when taper instrument 50 
is removed therefrom. In this way, collar 16 may be 
pre-loaded into bore 18 prior to positioning plate 12 within 
a patient. 

With collar 16 so deformed in the martensite phase to 
have an initial inner diameter greater than diameter 44, 
elongated shaft 22 of fastening element 14 may be slidably 
received therethrough. Fastener 14 is then advanced through 
bore 4 5 and into the bone to be fixated. As fastening 
element 14 is sufficiently advanced, headed portion 20 is 
secured against top portion 24 of bore 18, and collar 16 
surrounds reduced diameter portion 42 of fastening element 
14. In this position, fixation plate 12 should be rigidly 
secured to the underlying structure to be fixated. 

After securing fixation plate 12 to the underlying bone 
to be fixated, collar 16 is heated sufficiently to transform 
the alloy to the austenite phase configuration. In so doing, 
collar 16 "remembers" its original configuration, and its 
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inner diameter 44 shrinks in size. The heating step may take 
the form of simply allowing the collar to warm to body 
temperature, or may involve other known methods such as 
inducing electrical currents in collar 16 through the use of 
5 electromagnetic waves, or through the use of a sufficiently 
warm fluid such as water or saline. 

Since the original diameter 44 was less than the diameter 
of reduced diameter portion 42 of fastening element 14, the 
inner surface 40 of collar 16 "grips" reduced diameter 

10 portion 42 to thereby rigidly clamp fastening element • In 
this clamping arrangement embodiment, top surface 38 of 
flange 30 abuts recess 28 of fixation plate 12, and the 
bottom portion 32 of flange 30 abuts transition surface 26 
located between reduced diameter portion 42 and threaded 

15 portion 25 of fastening element 14. 

Flange 30 of collar 16 thus provides a positive stop for 
collar 16 in the direction of top portion 24 of bore 18. 
Referring to FIG. 5B, this feature may alternatively be 
provided by configuring the inner surface of bore 18' with a 

20 step 17 adjacent top portion 24' to thereby abut top 36' of 
collar 16 With such a configuration, flange 30 is not 
necessary and collar 16' need only be provided with 
sufficient thickness so that its outer diameter will not slip 
past the step 17 when undergoing an austenite phase 

25 transformation. Collar 16* is shown in FIG. 5B as assuming a 
characteristic position against bore 18' of fixation plate 
12' after insertion ,and withdrawal of tapered instrument 50. 

The reduced diameter portion 42 of fastening element 14 
optimizes fixation plate clamping system 10 by ensuring that 

30 locking clamp 16, once reduced in diameter, will not slip 
toward threads 25. However, the present invention 
contemplates that the gripping force of locking clamp 16, in 
many applications, will provide sufficient clamping force so 
that fastening element 14 need not include a reduced diameter 

35 portion 42 and transition surface 26. Regardless of its 

diameter, portion 42 of shaft 22 should be non-threaded to 
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maximize the surface area between portion 42 and the inner 
surface 40 of collar 16, although portion 42 may, in some 
applications, be threaded if the threads are sufficiently 
shallow and/or the TPI is high enough to permit collar 16 to 
grip portion 42 with sufficient strength. 

According to an alternate approach in utilizing shape 
memory collar 16, the initial diameter 45 thereof may be 
deformed while in the austenite phase crystalline 
configuration such that the inner annular surface 40 has a 
diameter 44 slightly larger than reduced diameter portion 42 
of fastening element 14, but less than the diameter of 
threaded portion 25, With such an approach, the reduced 
diameter collar need not "grip- reduced diameter portion 42 
in its final configuration. Rather, the inner diameter 44 of 
collar 16 need only shrink enough to disallow threaded 
portion 25 to advance therethrough. Collar 16, although 
loosely surrounding reduced diameter portion 42 of fastening 
element 14, prevents fastening element 14 from backing out of 
bore 18 by having a final inner diameter less than that 
necessary to permit threaded portion 25 to pass therethrough. 

In any event, the now reduced diameter collar 16 prevents 
fastening element 14 from backing out of the surface in which 
it has been advanced. It is to be understood that a typical 
fixation plate, regardless of its area of application, will 
likely have multiple bores 18 and fastening elements 14 and, 
as such, the present invention contemplates providing a 
locking collar 16 for each fastening element 14 and bore 18 
pair. 

Referring now to FIG. 6, another embodiment of a fixation 
plate and screw anti-backout system 150, in accordance with 
the present invention, is shown. System 150 includes a 
fixation plate 152 having a top surface 154 and an opposite 
bottom surface 156. Fixation plate 152 includes a number of 
bores 158 therethrough, each for receiving an elongated shaft 
22 of a fastening element 14 therein as previously discussed 
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with respect to FIG. 1. A substantial portion of bore 158 
has a first diameter 164, In its bottom surface 156, plate 
152 defines a recess 162 about bore 158. In its top surface 
154, plate 152 defines another recess 160 about bore 158. 
5 Each of recesses 160 and 162 intersect bore 158 and have 
diameters larger than bore diameter 164. 

An annular collar. 170, identical in function to collar 
16, is positioned within bore 158. Collar 170 defines a 
variable diameter bore 172 therethrough identical in 

10 operation to bore 18 of collar 16. Collar 170 further has a 
first flange 174 extending radially away from collar outer 
surface 165 adjacent the bottom 176 thereof, and a second 
flange 176 extending radially away from outer surface 165 
adjacent the top 180 thereof. The top surface 182 of bore 

15 172 is recessed, similar to top surface 24 of bore 18 

described with respect to FIG. 1, to facilitate the seating 
of head portion 20 of fastening element 14 therein. Although 
not shown in FIG. 6, collar 170 further includes a 
longitudinal channel therethrough similar to channel 35 of 

20 collar 16. 

Operationally, collar 170 may be pre-loaded into bore 158 
by pinching the outer surface 165 thereof with suitable means 
so that the channel (not shown) width decreases. As a 
result, the outer diameter of collar 170 may be made to 

25 shrink sufficiently to permit either of flanges 174 or 178 to 
pass through the first diameter 164 portion of bore 158. 
Collar 170 may thus be top-loaded (from top surface 154 of 
plate 152) or bottom-loaded (from bottom surface 156 of plate 
152) into bore 158 such that flanges 176 and 178 cooperate 

30 with recesses 162 and 160 respectively to maintain collar 170 
in position within bore 158 as shown in FIG. 6. 

Referring now to FIG. 7, yet another embodiment of a 
fixation plate and screw anti-backout system 200, in 
accordance with the present invention, is shown. System 200 

35 includes a fixation plate 202 having a top surface 204 and an 
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opposite bottom surface 206. Fixation plate 202 includes a 
number of bores 208 therethrough, each for receiving an 
elongated shaft 22 of a fastening element 14 therein as 
previously discussed with respect to FIG, 1. A substantial 
portion of bore 208 has a first diameter 214, Bore 208 
defines an annular recess 210 therein which is sized slightly 
larger than bore diameter 214. Preferably, annular recess 
210 is located near top surface 204 of plate 202, although 
the present invention contemplates that annular recess 210 
may be located anywhere within bore 208, 

An annular collar 220, identical in function to collars 
16 and 170, is positioned within bore 208. Collar 220 
defines a variable diameter bore 222 therethrough identical 
in operation to bore 18 of collar 16 (and bore 172 of collar 
170). Collar 220 further has a flange 224 extending radially 
away from collar outer surface 225 adjacent the top 228 
thereof. The top surface 230 of bore 222 is recessed, 
similar to top surface 24 of bore 18 described with respect 
to FIG. 1, to facilitate the seating of head portion 20 of 
fastening element 14 therein. As with collar 170, collar 220 
further includes a longitudinal channel therethrough (not 
shown) similar to channel 35 of collar 16. 

Operationally, collar 220 may be pre-loaded into bore 222 
by pinching the outer surface 225 thereof with suitable means 
so that the channel (not shown) width decreases. As a 
result, the outer diameter of collar 220 may be made to 
shrink sufficiently to permit flange 224 to pass through the 
first diameter 214 portion of bore 208. Collar 220 may thus 
be top-loaded (from top surface 204 of plate 202) or bottom- 
loaded (from bottom surface 206 of plate 202) into bore 208 
such that flange 224 cooperates with recesses 210 to maintain 
collar 220 in position within bore 208 as shown in FIG. 7. 
Preferably, collar 220 is positioned within bore 208 such 
that the bottom 226 of collar 220 is flush with the bottom 
surface 206 of plate 202. 
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In function and operation, collars 170 and 220 are 
identical to collar 16. As illustrated in FIGS. 6 and 1, 
however, the present invention contemplates that the screw 
anti-backout collar 16, 16', 170 and 220) may be variously 
5 configured to facilitate the retention of the collar within 
the corresponding fixation plate bore prior to positioning 
and securing the plate within a patient. Those skilled in 
the art will recognize that other such collar and fixation 
plate bore configurations may be designed to provide this 
10 feature, it being understood that such alternate 

configurations are contemplated by the present invention and 
therefore fall within the spirit of the concepts described 
herein. 

Any of collars 16, 16', 170 and 220 may further be formed 

15 of a material that is responsive to a change in temperature 
to expand in thickness, such as in response to heat. Thus, 
in response to an increase in temperature, the collar inner 
diameter "shrinks" due to expansion of the collar thickness. 
Advantageously, the outer diameter correspondingly grows so 

20 as to decrease any play between the bore of the fixation 
plate and the outer surface of the collar. Such a heat 
expandable material may include, for example, an epoxy, 
elastomer or other "curable" material, or any of a variety of 
heat-expandable rigid materials. 

25 While the invention has been illustrated and described in 

detail in the drawings and foregoing description, the same is 
to be considered as illustrative and not restrictive^ in 
character, it being understood that only the preferred 
embodiment has been shown and described and that all changes 

30 and modifications that come within the spirit of the 
invention are desired to be protected. 
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What is claimed is: 

1- A bone fixation apparatus comprising: 

a bone fixation plate having a bottom surface adapted to" 
engage a portion of the bone being fixated, an opposite top 
surface and a bore defined therethrough; 

a bone screw having an elongated shaft and an enlarged 
head portion engaging said bore at said top surface of said 
plate when said shaft extends therethrough, said shaft 
defining a first diameter non-threaded portion adjacent said 
head portion and bone engaging threads having a second larger 
diameter remote from said head portion; and 

an annular collar substantially surrounding said 
non-threaded portion of said bone screw shaft, said collar 
having an initial inner diameter greater than said second 
diameter, said collar being formed of a material such that 
said inner diameter shrinks in response to a change in 
temperature thereof to a final diameter smaller than said 
second diameter to thereby trap said collar between said head 
portion and said second diameter bone engaging threads of 
said bone screw. 

2. The bone fixation apparatus of claim 1 wherein said 
collar material is a shape memory alloy. 

3. The bone fixation apparatus of claim 2 wherein said 
inner diameter of said annular collar further shrinks in 
response to said change in temperature to a final diameter 
less than said first diameter to thereby rigidly clamp said " 
non-threaded portion. 

4. The bone fixation apparatus of claim 2 wherein said 
shape memory alloy is a nickel-titanium alloy. 
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5. The bone fixation apparatus of claim 2 wherein said 
annular collar transforms from a martensite phase to an 
austenite phase as the temperature thereof is increased above 
a phase transformation temperature. 

5 6. The bone fixation apparatus of claim 5 wherein the 

bone being fixated includes a portion of the spine, 

7. The bone fixation apparatus of claim 1 wherein said 
annular collar has an outer surface opposite said inner 
diameter, said outer surface of said collar having a first 

10 flange extending radially therefrom, said collar thereby 

trapping said fixation plate between said head portion and 
said flange. 

8. The bone fixation apparatus of claim 7 wherein said 
fixation plate bore defines a longitudinal axis from said top 

15 surface of said plate to said bottom surface of said plate; 
and wherein said first flange contacts said bottom 
surface of said plate to thereby inhibit movement of said 
collar along said longitudinal axis in a direction toward 
said top surface of said plate. 

20 9. The bone fixation apparatus of claim 8 wherein said 

collar has a top end and an opposite bottom end, said first 
flange extending radially away from said outer surface 
thereof adjacent said bottom end thereof; 

and wherein said bore of said fixation plate is 

25 configured to receive said outer surface of said collar 

therein such that said first flange abuts said bottom surface 
of said fixation plate. 
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10. The bone fixation apparatus of claim 9 wherein said 
first flange has an inner flange surface directed toward said 
bottom surface of said plate and an opposite outer flange 
surface; 

5 and wherein said bottom surface of said fixation plate 

defines a first recess therein around said fixation plate 
bore, said first recess being adapted to receive said first 
flange therein such that said outer surface of said first 
flange is flush with said bottom surface of said fixation 
10 plate, 

11. The bone fixation apparatus of claim 9 wherein said 
outer surface of said collar has a second flange extending 
radially therefrom; 

and wherein said second flange contacts said top surface 
15 of said plate to thereby inhibit movement of said collar 
along said longitudinal axis in a direction toward said 
bottom surface of said plate. 

12. The bone fixation apparatus of claim 11 wherein said 
second flange has an inner flange surface directed toward 

20 said top surface of said plate and an opposite outer flange 
surface; 

and wherein said top surface of said fixation plate 
defines a second recess therein around said fixation plate 
bore, said second recess being adapted to receive said second 
25 flange therein such that said outer surface of said second 
flange is recessed below said top surface of said fixation 
plate. 

13. The bone fixation apparatus of claim 7 wherein said 
fixation plate bore defines an annular recess therein, said 

30 annular recess receiving said first flange therein to thereby 
inhibit movement of said collar toward said top and bottom 
surfaces of said fixation plate. 
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14. The bone fixation apparatus of claim 1 wherein said 
collar has a top end and an opposite bottom end; 

and wherein said fixation plate bore includes a stepped 
portion, said top end of said collar contacting said stepped 
portion of said fixation plate bore to thereby inhibit 
movement of said collar in a direction toward said top 
surface of said plate. 

15. In combination with a fixation system including a 
fixation member having a top surface, a bottom surface and a 
bore defined therethrough, and a fastener having an elongated 
shaft and a headed portion engaging the bore at the top 
surface of the fixation member when the shaft extends 
therethrough, an apparatus for preventing the fastener from 
backing out of the fixation member bore comprising: 

an annular collar having an initial inner diameter 
deformably sizable to slidingly receive the elongated shaft 
therethrough, said collar being formed of a material such 
that said inner diameter shrinks to a final diameter in 
response to a change in temperature thereof to thereby 
prevent the fastener from backing out of the fixation member 
bore, said collar having an outer diameter sized to engage 
the bottom surface of the fixation member. 

16. The combination of claim 15 wherein the fastener 
includes a first diameter non-threaded portion adjacent the 
headed portion and a second larger diameter threaded portion 
remote from the headed portion. 

17. The combination of claim 16 wherein said final 
diameter of said collar is less than said second diameter 
threaded portion to thereby trap the fixation member between 
said collar and the headed portion of the fastener. 
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18. The combination of claim 16 wherein said final 
diameter of said collar is less than said first diameter 
non-threaded portion to thereby rigidly clamp said 
non-threaded portion of the fastener. 

19. The combination of claim 15 wherein said collar 
material is a shape memory alloy. 

20. The combination of claim 19 wherein said shape 
memory alloy is a nickel-titanium alloy. 

21. The combination of claim 15 wherein said outer 
surface of said annular collar has a flange extending 
radially therefrom. 

22. The combination of claim 21 wherein the fixation 
member defines a longitudinal axis from the top surface 
thereof to the bottom surface thereof; 

and wherein said flange contacts the fixation member to 
thereby inhibit movement of the collar along the longitudinal 
axis in a direction toward the top surface of the fixation 
member. 

23. A method for securing a fixation plate having a 
number of bores therethrough to a bone with a corresponding 
number of bone screws wherein each of the screws have a 
headed portion and an elongated shaft extending therefrom 
defining a first diameter non-threaded portion adjacent the 
head portion and a second larger diameter bone engaging 
threaded portion remote from the head portion, the method 
comprising the steps of: 
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(1) forming a number of annular collars constructed of a 
shape memory alloy to have a final inner diameter less than 
the second diameter while the crystal structure of said alloy 
is in the austenite phase; 

(2) cooling said collars sufficiently so that the crystal 
structure of said alloy shifts to the martensite phase; 

(3) increasing the inner diameter of each of said annular 
collars while maintaining said collars in the martensite 
phase to permit passage therethrough of an elongated bone 
screw shaft; 

<4) mounting the fixation plate to the bone by advancing 
each of the number of bone screws through a corresponding 
fixation plate bore, through one of said annular collars and 
into the bone; and 

(5) heating said number of collars sufficiently to cause 
said inner diameters of said collars to shrink to their final 
diameters thereby trapping the number of collars between the 
head portions and the threaded portions of the corresponding 
number of bone screws. 

24. The method of claim 23 wherein step (1) further 
includes forming said number of annular collars to have a 
final inner diameter less than the first diameter of the 
non-threaded portion of the bone screws. 

25. The method of claim 23 wherein the heating of said 
number of collars is carried out by inducing electrical 
currents therein via electromagnetic waves - 

26. The method of claim 23 wherein said shape memory 
alloy is a nickel-titanium alloy. 
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27. The method of claim 23 further including the step of 
providing each of said number of collars with a flange 
extending radially therefrom; 

said collars trapping said fixation plate between collar 
flanges and the head portions of the corresponding bone 
screws . 
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